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a variety of interpretations. The objectives of this paper are to
critically evaluate the alternatives and present a set of statistics
with known psychometric properties and unambiguous inter-
pretation. METHODS: Data from several cancer registries 
and retrospective studies were mined to identify and categorize
the various naturally-occurring scenarios impacting ARDI.
RESULTS: Three statistics were derived from these samples,
which discriminate among three key ARDI aspects, labeled
“planned ARDI”, “delivered ARDI” and “% Optimal Dose”.
They measure, respectively, the physician’s prescribed dose inten-
sity, the actual delivered dose intensity, and the total delivered
dose independent of time, all relative to the associated standard.
Several visualization and analysis techniques are also presented
that employ these measures to determine the relative contribu-
tion of the various fundamental causes of suboptimal dose
administration. These causes include cycle delay, dose reduction,
treatment attenuation and planned deviation. CONCLUSIONS:
The methods presented provide those engaged in naturalistic
research and clinical performance improvement with a validated
set of statistics and a concise, unambiguous terminology to
measure and interpret the complex treatments involved in the
study of chemotherapy effectiveness.
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OBJECTIVES: The “difference in difference” method (DD) is
commonly used in health policy-oriented research. However, it
is seldom used to design and analyze cohort outcomes studies.
We applied the DD method to assess an independent association
between androgen deprivation therapy (ADT) and bone compli-
cations among non-metastatic prostate cancer patients receiving
ADT. METHODS: Using medical claims data from a 5%
national random sample of Medicare beneﬁciaries, prostate
cancer patients who initiated ADT in 1992–94 without bone
metastasis at baseline were identiﬁed (the “ADT” group, N =
3887). Prostate cancer patients without ADT matched on a 1 :2
ratio on the basis of age, race and Charlson comorbidity index
constituted the “comparison” group (N = 7774), a group similar
to the ADT group but unaffected by ADT. We analyzed seven
subsequent years of inpatient, outpatient, and physician claims
data to identify rates of bone complications (e.g., fractures,
osteoporosis/osteopenia) conditional on patient survival.
RESULTS: Fracture incidence rates for the initial baseline two
years and 7 years respectively (conditional on survival) were
11.3% and 83.3% for the ADT group versus 10.4% and 56.3%
for the comparison group. As the temporal effect from the com-
parison group may reﬂect change that would have occurred in
the absence of ADT over time due to aging and disease pro-
gression, we subtracted the change (56.3% – 10.4%) for the
comparison group from the corresponding change (83.3% –
11.3%) for the treatment group, in an effort to account for the
unmeasured time effects. Thus, the difference in difference (DD)
estimate, 26-percentage point change (72% – 45.9%), reﬂects
the association of ADT with fracture. CONCLUSION: This esti-
mate will be valid if the time varying factors (e.g., disease pro-
gression) are consistent or equivalent in treatment and
comparison groups. Future research using clinically detailed data
should assess whether such time-varying factors are different
between those undergoing ADT and those not.
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OBJECTIVES: Methods from the traditional survival analysis
are not directly applicable to estimate medical costs since
patients accumulate costs with different rate functions over time,
leading to negatively biased estimates. A number of authors have
incorporated inverse probability weightiness (IPW) technique to
correct for this bias. None of these authors, however, compare
their result with the method, which supposedly yields bias esti-
mates, i.e. OLS over uncensored observations. In this paper, we
test the differences between the coefﬁcient estimates of OLS over
uncensored observations and that of proposed model to deter-
mine whether using weight yields statistically different results.
Moreover, we compare the estimation power of the proposed
alternative models. METHODS: A Hausman kind of test is pro-
posed to compare the weighted estimator and unweighted esti-
mators. Predictive Power tests are used to choose between
alternative models. RESULTS: Our data set consists of an incep-
tion cohort of 773 patients with incident cases of prostate, colon,
lung and breast cancer from 24 Michigan community hospitals
and their afﬁliated oncology units between the years 1994–1997.
Hausman test indicated the results are statistically different. Pre-
dictive Power tests yield that Lin [2003] model is better than
Lin[2000], Carrides et al. [2000] and Bang and Tsiatis [2000].
CONCLUSION: Two conclusions are as follows: 1. If the error
terms are homoskedastic and we fail to reject Hausman test use
unweighted simple OLS over complete observations. 2. Other-
wise, weighted estimators yield consistent results and predictive
power tests can be used to choose among them.
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OBJECTIVES: To propose a method to estimate total medical
cost from censored data. METHODS: In this paper, the inverse
probability of weighted (IPW) least squares method is used to
assess the effect of covariates (e.g. patient and clinical charac-
teristics) on medical cost with censored data. We outlined IPW
least squares as applied to censored medical cost data, including
the statistical properties of the estimation, then introduced
Hausman type of test to compare the estimators calculated by
using IPW least squares and OLS over uncensored data and
applied our method to the estimation of cancer costs RESULTS:
Medicare claim ﬁles are examined to apply our method. Each
patient is followed two years after diagnosis of cancer (breast,
colon, prostate or lung). For patients who have less than two
years of cost and still alive at the end of the study were consid-
ered censored. The reference group fro treatment modalities is
surgery plus adjuvant therapies, the reference group for site of
cancer is lung. Variables that reach statistical signiﬁcance (p <
0.05) include physical function, type of cancer (except colon),
surgery and radiation, radiation only, and chemotherapy and
radiation. Ten additional points in patient’s prior physical func-
tion score decreases total medical cost by 0.7 percent. Prostate
cancer patients and breast cancer patients cost 1.36 and 2.46
times lower than lung cancer patients respectively, these esti-
mates are 1.16 times and 2.40 times according to IPW least
square estimation. CONCLUSIONS: Hausman test suggests that
IPW estimates are signiﬁcantly different (p < 0.05) and suggested
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method should be used instead of OLS to avoid selection bias
due to censoring.
CHRONIC OBSTRUCTIVE PULMONARY DISEASE
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OBJECTIVES: A survey was conducted to compare smoking
behavior and self-reported respiratory symptoms of persons with
and without diagnosed COPD. METHODS: In a study con-
ducted within the Saskatchewan Health database, persons over
40 years old with diagnosed COPD, emphysema or chronic
bronchitis and at least two bronchodilator prescriptions within
six months of respiratory diagnosis were identiﬁed (N = 11,493).
An age/gender matched comparison group without COPD,
asthma or any respiratory diagnoses or medications was identi-
ﬁed (N = 22,986). A survey was mailed to an age/gender strati-
ﬁed random sample of 4002 subjects, half from the COPD group
and half from the comparison group. RESULTS: The response
rate was 41% among COPD patients and 40% in the compari-
son group. Among those with COPD, 80% had ever smoked,
compared with 53% of those without COPD (OR: 4.01, CI:
3.19–5.04). Among ever smokers, 16% of COPD and 11% of
non-COPD subjects were current smokers (OR: 1.58, CI:
1.09–2.29). A large proportion of the smokers, 73% in the
COPD group and 49% in the non-COPD group, had smoked
for over 30 years. Odds ratios for self-reported symptoms of
COPD comparing the COPD cohort to non-COPD were 11.0
(CI: 8.1–15.1) for persistent cough, 10.4 (CI: 8.1–13.6) for
phlegm with cough, 25.1 (CI: 18.5–34.0) for wheezing, and 18.5
(CI: 13.8–24.8) for shortness of breath with mild exercise.
Among the subjects classiﬁed as non-COPD, 20% reported
having any of the above-mentioned respiratory symptoms and
only 2% reported having all four symptoms. CONCLUSIONS:
Persons with diagnosed COPD are more likely to have been
smokers in the past and had a longer smoking history than
persons without COPD. Crude measures such as the proportion
that ever smoked may not capture substantial differences in
smoking-related illness. Self-reported respiratory symptoms sup-
ported the categorization of COPD vs. non-COPD made using
administrative data.
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OBJECTIVES: To determine the inﬂuence of anemia on hospi-
talization and mortality in elderly patients with chronic obstruc-
tive pulmonary disease (COPD) and chronic kidney disease
(CKD). METHODS: We identiﬁed ambulatory patients over age
65 who had at least one outpatient hemoglobin lab between
1998 to 2002. Patients were identiﬁed using a medical record
data repository from a large health care system in Western Penn-
sylvania. COPD was identiﬁed using ICD-9 coding and CKD was
deﬁned as having at least 2 GFR measurements <60ml/min sep-
arated by at least 3 weeks. Demographic, comorbidity, labora-
tory, and visit data were collected. Anemia was deﬁned by WHO
criteria as a hemoglobin <13g/dL in males and <12g/dL in
females. Cox proportional hazard models were used to estimate
the hazard ratio of ﬁrst hospitalization and death by adjusting
for demographics and comorbidities. Hazard ratios of anemic
and non-anemic cohorts were compared. RESULTS: There were
895 elderly patients (47% male; 87% white) identiﬁed with
COPD and CKD. Comorbidities included hypertension in 86%,
heart failure in 78%, and diabetes in 54% of patients. Males had
higher rates of anemia (58% versus 49%, p = 0.006). Compared
to non-anemic patients, those with anemia had a higher rate of
hospitalization within 1 year (hazard ratio = 1.34, 95% CI: 1.14,
1.57). Mean inpatient days during the study timeframe were
higher for anemic patients (51 verses 44 days, p = 0.03). The
adjusted hazard ratio for all-cause mortality in anemic patients
was 1.52 (95% CI: 1.18, 1.99). Mean survival time for anemic
patients was 44.5 months and for non-anemic patients was 48.9
months (p = 0.003). CONCLUSIONS: The results of this study
suggest that anemia is associated with a signiﬁcant increase in
the risk of hospitalization and death in elderly patients with
COPD and CKD after adjusting for other comorbidities. The
effect of anemia management on these outcomes should be eval-
uated in prospective clinical trials.
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OBJECTIVES: In preparation for exploring the potential cost-
effectiveness of inhaled corticosteroids (ICS) for the treatment of
chronic obstructive pulmonary disease (COPD), we explored the
costs and outcomes of patients with COPD in the presence of
missing data. METHODS: Using data on 751 patients enrolled
in the ISOLDE randomized controlled trial that received either
ﬂuticasone propionate or placebo, the outcomes studied were
COPD exacerbations, successfully treated weeks, rate of decline
in FEV1, costs, survival and health status. In line with the orig-
inal clinical analysis, costs and outcomes were estimated using a
hierarchical multilevel model assuming data were missing at
random. Further analyses explored the use of quality-adjusted
survival techniques for health outcomes as well as multiple impu-
tation methods to address missing data issues. RESULTS: In the
base case analysis we estimated the incremental costs of ICS
versus placebo to be £900 (95% conﬁdence interval (CI): 100;
1700) and the additional effect of 0.59 (CI: 0; 1.3) exacerbations
avoided and 3 (CI: 1.7; 4.5) successfully treated weeks. We
explored the robustness of these results to alternative assump-
tions in extensive sensitivity analysis. While survival was higher
